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(54) 

(57) The present invention is an injection compres- 
sion molding method and apparatus therefor capable of 
rapidly molding a multilayer molded product with h.gh 
strength and high accuracy by a simple structure. A 
molding method for attaining such characteristics 
includes the steps of extending an injected molten resin 
(51) by compressing the same in metal molds (31, 32), 
opening the metal molds during or after the extension 
operation, injecting a surface layer material (60) into a 
gap (6) occurring between the metal molds (31 , 32) and 
the resin (51) when the molds are opened, closing the 
molds during or after the injection of the surface layer 
material (60), and cooling the resin (51) and the surface 
layer material (60) in the closed metal molds (31 , 32). 
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Technical Field 

The present invention relates to an injection com- 
pression molding method and an apparatus therefore 
and particularly to an injection compression molding 
method and an apparatus theretor capable of rapidly 
molding a multilayer molded product with high strength 
and high accuracy by a simple structure. 

Background Art 

Many of the resin molded products are molded by 
using one kind of material, but some of them are multi- 
layer molded products of the same material or different 
kinds of materials in order to obtain strength, or to add a 
special function such as, for example, electromagnetic 
wave shielding. It can be said that surface coating 
applied to a molded product is a kind of the above- 
described multilayer molded products. As for the con- 
ventional art for obtaining such multilayer molded prod- 
ucts, the following can be cited. 

There is an injection molding method in which a 
number of movable metal molds of different sizes are 
equipped for one fixed metal mold. In this method, the 
combinations of the metal molds are changed by suc- 
cessively changing a movable metal mold of small size 
to that of larger size for one fixed metal mold, and by lay- 
ing resin of the same material or different materials at 
every time when the combination is changed, a multi- 
layer product is obtained. 

However, the entire structure becomes complicated 
by including a number of movable metal molds. The 
change of the movable metal molds can't be carried out 
until a molded product has been solidified to some 
extent by cooling resin, therefore the total time for mold- 
ing becomes longer. In addition, synchronous programs 
for each motion of the movable metal mold and chang- 
ing operation of the movable metal molds become corn- 



colouring the surface of a finished molded product by a 
spray or a brush, an art for using colored resin for the 
top layer of a multilayer molded product molded based 
on the above-described conventional injection molding 
method, and an insert injection molding art for carrying 
out injection molding by previously providing a ready- 
made colored sheet inside the metal molds. 

However, surface coating by a spray or the like 
requires a coating device or manpower, and compatibil- 
ity (mutually soluble property) can't be secured on the 
boundary surface between coating material and a 
molded product unless special coating material is used, 
therefore adhering strength of coating material to a 
molded product and the bonding strength of the coating 
material itself become lower. The accuracy in coating 
such as coating thickness, coating flatness, or the like 
becomes lower. An insert injection moulding art has an 



advantage that various kinds of patterns and designs 
can adhere to the surface of a moulded product, but 
unless the metal molds are heated, compatibility on the 
boundary surface between resin and a colored sheet 
can't be expected, therefore adhering strength of the 
colored sheet to a molded product is low 

As for another surface coating art, there is known 
an injection moulding method in which metal molds are 
slightly opened after a cooling step is completed (specif- 
•o ically, a condition in which a gap occurs inside the metal 
moulds by the shrinkage of a moulded product), coating 
material is injected from a coating nozzle provided in the 
metal molds, the molds are closed again, and the coat- 
ing material in the gap is dried (refer to, for example, 
is Japanese Patent Application Laid-open No. 6-198672). 
This is an improved method of an injection molding 
method in which the amount of closing is not controlled, 
while in the injection compression molding method the 
amount of closing is freely controlled by a movable 
20 metal mold. Specifically, if the molds are closed after 
injecting coating material while resin is still hot by ordi- 
nary injection molding method, there is no gap between 
the metal molds and the molded product, so that the 
coating material has no place to go. Therefore, the coat- 
25 ing material and the resin still in a liquid form leak to the 
outside of the metal molds, and poor molding is caused. 
The above-described improved method solves the dis- 
advantage, and enables surface coating. 

However, in the above-described improved injection 
30 molding method, the time of the completion of drying 
the coating material is delayed as much as the time 
required for the resin to he cooled. Since the gap into 
which the coating material is injected is basically deter- 
mined not by the amount of closing but by the amount of 
as shrinkage, the leakage from the metal molds to the out- 
side occurs if an excessive amount of coating material 
is injected. On the other hand, if the amount of injection 
of coating material is too small, irregular coating will 
occur. When the thickness of a molded product is une- 
40 ven, the amount of shrinkage differs at every uneven 
point, so that the amount of a gap caused by the shrink- 
age is varied, therefore irregular coating occurs. Fur- 
ther, since coating material is injected after the resin is 
cooled, compatibility on the boundary surface between 
45 the resin and the coating material can't be expected, 
therefore there is a disadvantage of lower adhering 
strength of coating material to a molded product and 
lower bonding strength of the coating material itself. 

so Disclosure of the Invention 

The present invention is made to eliminate the dis- 
advantages of the above-described conventional art, 
and its object is to provide an injection compression 
5S molding method and apparatus therefor capable of rap- 
idly molding a multilayer molded product with high accu- 
racy and high strength by a simple structure. 

Explaining with reference to Fig. 1, an injection 
compression molding method relating to the present 
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invention is an injection compression molding method 
for obtaining a molded product by freely compressing 
molten resin injected into metal molds consisting of a 
movable metal mold and fixed metal mold in the metal 
molds, characterized by including the steps of; s 

i) extending the molten resin by compressing the 
same in the metal molds (Step 101), and opening 
the metal molds during or after the extension oper- 
ation (Step 102); 10 

ii) injecting a surface layer material into a gap 
occurring between the metal molds and the resin 
when the metal molds are opened (Step 103), and 
closing the metal molds during or after the injection 

of the surface layer material (Step 104); and >s 

iii) cooling the resin and the surface layer material in 
the closed metal molds (Step 105) 

In the above-described structure, a molded product 
is obtained by freely compressing the molten resin ?t 
injected into a cavity between the movable metal mold 
and a fixed metal mold in the movable metal mold and a 
fixed metal mold by moving the movable metal mold. 
According to the above-described invention of the 
method, the surface layer material is extended on the s: 
resin surface, while the resin in the metal molds is still 
hot. Accordingly, based on the following operation, a 
multilayer molded product can be taken out of the metal 
molds. 

(1) Since surface layer material is exlended while 
resin is still hot, the boundary surfaces of the resin 
and the surface layer material are integrally com- 
patibilized, and the entire strength as a molded 
product is increased. When, for example, the sur- s 
face layer material is coating material, the adhering 
strength of the coating material to a molded product 
and the bonding strength of the coating material 
itself are increased. In addition, since the resin is 
hot, the drying rate of the surface layer material < 
such as coating material or the like is increased 

(2) Since surface layer material is exlended on a 
hot surface of resin, evenness on the surface layer 
of the surface layer material can be maintained. 
Even if excessive amount of surface layer material • 
is injected, poor molding such as the leakage of the 
surface layer material and molten resin to the out- 
side or the like can be prevented from occurring by 
adjusting the amount of movement of the movable 
metal mold (incidentally, in an injection molding 
method, a movable metal mold can't be freely con- 
trolled like the above). For example, when the sur- 
face layer material is coating material, coating 
irregularity does not occur and the excellent 
appearance can be obtained. 

An injection compression molding apparatus relat- 
ing to the present invention is an injection compression 
molding apparatus equipped with metal molds consist- 



ing of a movable metal mold and a fixed metal mould, for 
obtaining a molded product by freely compressing the 
molten resin injected into the metal molds in the metal 
molds, characterized by including; 

a surface iayer material injecting means for inject- 
ing a surface layer material into a gap between the 
metal molds and the resin injected into the metal 
molds; and 

a control means for extending the resin by com- 
pressing the same in the metal molds, opening the 
metal molds during or after the extension operation, 
injecting the surface layer material from the surface 
layer material injecting means into the gap occur- 
ring between the metal molds and the resin when 
the metal molds are opened, closing the metal 
molds during or after the injection of the surface 
layer material, and cooling the resin and the surface 
layer material in the closed metal molds. 

In the above structure, the above-described inven- 
tion of the method is memorized as an operation pro- 
gram, and besides the control means for controlling the 
operation, the surface layer material injecting means is 

5 included. By the present invention of the apparatus, for 
example, when a surface layer material and resin are of 
different materials, a multilayer (for example, two-layer) 
molded product can be obtained. The operation of the 
present invention of the apparatus conforms to the 

o explanation of the above-described invention of the 
method. 

Brief Description of the Drawings 

5 Fig. 1 is a flow chart of an injection compression 
molding method relating to the present invention; 
Fig. 2 is a schematic block diagram of an injection 
compression molding apparatus relating to a first 
embodiment of the present invention; 

io Figs. 3 A to 3H are schematic explanatory diagrams 
of a resin compressing section (metal molds) in a 
series of controlling steps relating to the first 
embodiment; 

Fig. 3A is an explanatory diagram of a condition in 
« which a movable metal mold is separated from a 
fixed metal mold; 

Fig. 3B is an explanatory diagram of a condition in 
which the movable metal mold is moved to the fixed 
metal mold; 

so Fig. 3C is an explanatory diagram of the injection of 
molten resin into a cavity; 

Fig. 3D is an explanatory diagram of the extension 
of the molten resin; 

Fig. 3E is an explanatory diagram ol a condition in 
55 which the movable metal mold is separated from 
the fixed metal mold as far as a gap 8, 
Fig. 3F is an explanatory diagram of the injection of 
coating material into the gap 6, 
Fig. 3G is an explanatory diagram of a condition in 
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which the metal molds are stopped with the resin 
and the coating material being compressed and 
molded, and 

Fig. 3H is an explanatory diagram ol a condition in 
which the metal molds are opened to take out a 
molded product. 

Best Mode for Carrying out the Invention 

A preferable embodiment of an injection compres- 
sion molding method and apparatus relating to the 
present invention will be particularly described with ref- 
erence to the attached drawings in the below. 

Fig. 2 is an example of an apparatus for coating a 
surface layer material (hereinafter referred to as a coat- 
ing material 60) including filler metal tor electromagnetic 
shielding on the surface of a molded product, and the 
apparatus is equipped with a resin injecting section 10, 
a coating material injecting means 20 forming a surface 
layer material injecting means, a resin compressing 
section 30, and a control means 40. 

The resin injecting section 10 includes a screw cyl- 
inder 11, a hopper 12, and an on -off valve 13. The 
screw cylinder 1 1 is freely and directly moved by a direct 
acting actuator 42 and is freely rotated by a rotary actu- 
ator 43, and by synchronously operating these actua- 
tors 42 and 43, pellet-formed resin 50 supplied from the 
hopper 12 is mixed and melted. This molten resin 51 is 
injected from the on-off valve 13 into a cavity 33 inside 
metal molds 31 and 32 through the injection passage 
provided in the fixed metal mold 32. 

The coating material injecting means 20 is defined 
by a tank 21 , an injecting pump 22, and an on-off valve 
23. The coating material 60 filled in the tank 21 is 
injected into the cavity 33 inside the metal molds 31 and 
32 through the injecting pump 22, the on-off valve 23, 
and the injecting passage provided inside the fixed 
metal mold 32. 

The resin compressing section 30 is defined by the 
movable metal mold 31 and the fixed metal mold 32. 
The movable metal mold 31 is freely and directly moved 
toward the fixed metal mold 32 by a direct acting actua- 
tor 44. and freely compresses and molds the resin 51 , 
or the resin 51 and coating material 60 in the cavity 33 
inside the metal molds 31 and 32. 

The control means 40 is defined by a controller 41 
consisting of a micro computer and so on, the actuators 
42 to 44, the on-off valve 13, the injecting pump 22, and 
the on-off valve 23. Incidentally, the injection compres- 
sion molding apparatus of the conventional art is also 
equipped with the controller for synchronously control- 
ling the actuators 42 to 44 and the on-off valve 13, but 
the control means 40 of the embodiment is additionally 
equipped with synchronous control of the injecting 
pump 22 and the on-off valve 23 as compared to the 
conventional controller. The synchronous control of 
each of the actuators 42 to 44, the on-off valves 13 and 
23. and the injecting pump 22 will be explained in the 
below with reference to Figs. 3 A to 3H. 



As Fig. 3A illustrates, in a condition in which the 
movable metal mold 31 is separated from (is away from) 
the fixed metal mold 32, the controller 41 sends a com- 
mand to the direct acting actuator 44. 
5 By this command, as Fig. 3B illustrates, the mova- 

ble metal mold 31 is moved to the position where the 
molten resin 51 can be injected from the resin injecting 
section 10 to the fixed metal mold 32. After the comple- 
tion of this movement, the controller 41 sends a com- 
10 mand to the direct acting actuator 42, the rotary 
actuator 43. and the on-off valve 13. By this command, 
as Fig. 3C illustrates, a specified amount of molten resin 
51 is injected into the cavity 33 inside the metal molds 
31 and 32 from the injecting section 10. During the 
is injection, or after the completion of the injection of the 
resin 51. the controller 41 sends a command to the 
direct acting actuator 44. and as Fig. 3D illustrates, the 
molten resin 51 is extended in the cavity 33 by moving 
the movable metal mold 31 further to the fixed metal 
so mold 32 

During the above-described extension operation or 
after the completion of the extension operation, it is 
preferable that the controller 41 finds the timing when a 
skin layer (surface hardening layer) is formed on a 
2£ molded r esin surface of the molten resin 51 and sends 
a mold opening command to the direct acting actuator 
44 to separate the movable metal mold 31 from the fixed 
metal mold 32 as far as a gap 8 In such a way. the 
molding resin 51 with a skin layer being formed on the 
so surface is prevented from losing shape by the skin layer, 
though the molding resin 51 is still hot, and is separated 
from the fixed metal mold 32, adhering to the movable 
metal mold 31. By this separation, the gap 6 is secured 
between the surface of the molding resin 51 and the 
3£ fixed metal mold 32. Specifically, the gap 8 is the total of 
a gap 8 1 between the surface of the molding resin 51 
and the fixed metal mold 32 and a gap 62 between the 
back surface of the molding resin 51 and the movable 
metal mold 31 (6 = 51 + 82) . 
40 Incidentally, the timing of the above-described 
mold opening command can be a time controlled by a 
timer from the time when the movable metal mold 31 is 
at a specified position (for example, the position where 
the extension operation is started). This mold opening 
<£ command can be sent at a time when the movable 
metal mold 31 reaches a specified position (for exam- 
ple, the position previously determined by an experi- 
ment and so on, where a skin layer of a specified 
thickness is formed) based on the extending speed. 
*n During the above-described separation or after the 
completion of the separation, the controller 41 sends a 
command to the injecting pump 22 and the on-off valve 
23, and as Fig. 3F illustrates, the coating material 60 is 
injected into the gap 6 from the coating material inject- 
ing means 20 (the injecting position corresponds to the 
above-described gap 81). During or after the injection of 
the coating material 60, the controller 41 sends a com- 
mand to the direct acting actuator 44, and, as Fig. 3G 
illustrates, moves the movable metal mold 31 to the 
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fixed metal mold 32 again, then stops the movable 
metal mold 32 as compressing and molding the molding 
resin 51 and the coating material 60. At this time, the 
coating material 60 is extended to every coiner of the 
inside of the gap 61. Incidentally, it is preferable that the 5 
injecting pressure of the coating material 60 is small 
pressure which does not break the skin layer. 

The controller 41 finds the timing when the molten 
resin 51 and the surface layer material (coating mate- 
rial) 60 are cooled and solidified, or the timing when a to 
problem does not occur to the molded product or on the 
surface thereof even if the molded product is taken out, 
and sends a command to the direct acting actuator 44. 
By this command, as Fig. 3H illustrates, the movable 
metal mold 31 is separated from the fixed metal mold is 
32, then the metal molds 31 and 32 are opened, and the 
coated molded product can be taken out 

The effect of the above-described first embodiment 
is as follows 

21 

(1) The rate of drying the coating material 60 is 
large since the coating material 60 is extended on 
the surface of the resin 51 while the resin 51 inside 
the metal moldings 31 and 32 are still hot. In addi- 
tion, since the coating material 60 is extended while a 
the resin 51 is still hot, the molding resin 51 and the 
coating material 60 are integrally compatibilized on 
the boundary surface, and the adhering strength of 
the coating material 60 to the molding resin 51 is 
increased with the bonding strength of the coating a 
material 60 itself being increased. 
(2) Even if an excessive amount of coating material 
60 is injected, the amount of extension of the coat- 
ing material 60 can be made uniform by adjusting 
the amount of movement of the movable metal £ 
mold 31 , therefore there is no irregularity produced 
on coating and excellent appearance is maintained. 
If the coating material 60 including the above- 
described filler metal is used as a coating material 
in for example, the above-described Japanese Pat- ■ 
ent Application Laid-open No. 6-198672, the filler 
metal prevents the flow, therefore the coating mate- 
rial 60 is difficult to be extended unless the amount 
of openings of the metal molds is increased. How- 
ever, when the amount of the opening of the metal 
molds is increased, as pointed out in the disadvan- 
tages of the above-described Japanese Patent 
Application Laid-open No.6-198672, an excessive 
amount of coating material 60 is injected, so that 
the leakage from the metal mold to the outside 
occurs, or irregularities are caused on coating. On 
the other hand, according to the present embodi- 
ment, there is no irregularity on coating and excel- 
lent appearance is obtained. 

Then, the other embodiments will be explained. 

In the f irst embodiment the injection passage of the 
coating material 60 is only provided in the fixed metal 
mold 32, but the second embodiment is an example in 



which an injection passage branching from the on-off 
valve 23 is further provided in the movable metal mold 
31. The control of the second embodiment is basically 
the same as that of the first embodiment, but differs in a 
point that the coating material 60 is injected into the 
gaps 61 and 62. 

The third embodiment is an example in which a 
number of surface layer material injecting means 20 are 
equipped. For example, in the case that two of the sur- 
face layer material injecting means 20 are equipped, 
one is a means for injecting liquefied resin including a 
large amount of electromagnetic wave shielding filler 
metal, and the other is a means just for injecting coating 
material. In this case, when explaining with reference to 
r Fig. 2, the control is carried out as the following steps i) 
tov). 

i) The molten resin 51 is extended by compiessing 
the same in the metal molds 31 and 32. and the 

i metal molds are opened during or after the exten- 
sion operation, 

ii) the above-described liquefied resin is injected 
into the gap 6 occurring between the metal molds 
31 and 32 and the resin 51 when the molds are 

5 opened, and during or after the injection of the 
resin, the metal molds are closed, 

iii) the resin 51 and the liquefied resin are slightly 
cooled in the metal molds 31 and 32 as they are. 
and the metal molds are opened again, 

>o iv) a simple coating material is injected into the gap 
i> occurring between the metal molds 31 and 32 
when the molds are opened, and during or after the 
injection of the simple coating material, the molds 
are closed, and 
J5 v) the resin 51. liquefied resin and simple coating 
material are cooled in the metal molds 31 and 32 as 
they are. 

Specifically, the control is conducted in such a way 
40 as the steps iv) and v) is almost a repetition of the steps 
ii) and iii). 

The fourth embodiment is a modified example of 
the steps of the third embodiment. The above-described 
embodiment is the ease of the surface layer being a thin 
as layer, but a molded product sandwiching the resin 
including electromagnetic wave shielding filler metal 
between the resin 51 can be made. In this case, the 
control is carried out as follows. 

so i) The molten resin 51 is extended by compressing 
the same in the metal molds 31 and 32, and during 
or after the extension operation, the metal molds 
are opened, 

ii) the liquefied resin including the above-described 
55 filler metal is injected into the gap 6 occurring 
between the fixed metal mold 32 and the resin 51 
when the molds are opened, and during or after the 
injection of the liquefied resin, the metal molds are 
closed, 
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iii) the resin 51 and the liquefied resin are slightly 
cooled in the metal molds 31 and 32 as they are, 
and the metal molds are opened again, 

iv) the molten resin 51 is injected again into the gap 

6 occurring between the fixed metal mold 32 and £ 
the liquefied resin when the metal molds are 
opened, and during or after the injection of the resin 
51 , the metal molds are closed, and 

v) the resin 51 and the liquefied resin are cooled in 
the metal molds 31 and 32 as they are. 

Specifically, even when a number of resin injecting 
sections 10 for different materials are equipped, a 
molded product with excellent compatibility, which 
requires shorter producing time, can be obtained as in 
the first embodiment by carrying out the control of 
repeating the steps ii) and iii) as in the above 

Industrial Availability 

The present invention is useful as an injection com- 
pression molding method and an apparatus therefor 
capable of rapidly obtaining a multilayer molded product 
of a high strength and high accuracy by a simple struc- 
ture in which a surface layer material is extended on the 
surface of hot resin inside the metal molds. 



said resin (51) injected into said metal molds 
(31, 32), and 

a control means (40) tor extending said resin 
(51) by compressing the same in said metal 
molds (31 , 32), opening the metal molds during 
or after the extension operation, injecting said 
surface layer material (60) from said surface 
layer material injecting means (20) into the gap 
(5) occurring between said metal molds (31, 
32) and said resin (51) when the metal molds 
are opened, closing the metai molds during or 
after the injection of the surface layer material 
(60), and cooling said resin (51) and said sur- 
face layer material (60) in said closed metal 
molds (31, 32). 



An injection compression molding method for : 
obtaining a molded product by freely compressing 
molten resin injected into metal molds consisting of 
a movable metal mold and a fixed metal mold in 
said metal molds, comprising the steps of: 

i) extending said resin (51) by compressing the 
same in said metal molds (31 , 32), and during 
or after the extension operation, opening the 
metal molds; 

ii) injecting a surface layer material (60) into a 
gap (fi) occurring between said metal molds 
(31, 32) and said resin (51) when the metal 
molds are opened, and during or after the 
injection of the surface layer material (60), clos- 
ing the metal molds; and 

iii) cooling said resin (51) and said surface layer 
material (60) in said dosed metal molds (31. 



An injection compression molding apparatus so 
equipped with metal molds consisting of a movable 
metal mold and a fixed metal mold, for obtaining a 
molded product by freely compressing molten resin 
injected into said metal molds in said metal molds, 
comprising; 

a surface layer material injecting means (20) 
for injecting a surface layer material (60) into a 
gap (8) between said metal molds (31. 32) and 
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